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[5 7] ABSTRACT 
The invention relates to a process for increasing (im 
proving) the volume/time yield of ?xed-bed reactors in 
the production of bisphenol A. 
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OPTIMIZED ION EXCHANGER BEDS FOR THE 
SYNTHESIS OF BISPHENOL A 

This invention relates to a process for increasing 
(improving) the volume/time yield of ?xed-bed reac 
tors in the production of bisphenol A. 

Processes for the synthesis of bisphenol A by ion 
exchanger catalysis are known (see, for example, US. 
Pat. Nos. 4,391,997, 4,400,555, 4,590,303, JP-A 8 272 
972, PL-A 96 436, CS-A 183 069, EP-A 210 366, etc.). 

It is known that, in the industrial production of bis 
phenol A (BPA), a mixture of excess phenol and ace 
tone is passed through a cylindrical ?xed-bed reactor 
?lled with sulfonic acid ion exchanger resins (based on 
polystyrene) and is then worked up. The direction of 
?ow of the mixture may be either downwards or up 
wards as required. Each of these feed directions has 
advantages and disadvantages. Where the feed direc 
tions is downwards, the pressure loss through the ion 
exchanger bed is a major problem on account of the 
resulting impairment of throughput. The pressure loss 
can be caused, for example, by the compressibility of 
the ion exchanger resin used. The spherical resin parti 
cles can be deformed under pressure into a lenticular 
shape, thus leading to an exponential reduction in 
throughput. Firm compression of the catalyst bed can 
promote the formation of ?ow channels so that flow 
through the reactor is not uniform. Accordingly, the 
quantity of catalyst used as a whole may not be fully 
utilized. 
A process has now been found in which the pressure 

loss in the industrial production of bisphenol A from 
acetone and phenol in a cylindrical ?xed-bed reactor 
?lled with sulfonic acid ion exchanger resins in large 
quantities can be greatly limited. The capacity of the 
?xed-bed reactor can thus be considerably increased. 
The capacity is no longer limited by the amount of feed 
and the corresponding pressure losses. It is determined 
by the acetone conversion. 

Hydraulic problems of the type in question have been 
observed in particular with sulfonic acid ion exchangers 
having a low degree of crosslinking (22%). On the 
other hand, these very ion exchangers represent an 
optimum in regard to reactivity and selectivity in the 
synthesis of bisphenol A. 
Although, with ion exchanger resins having a higher 

degree of crosslinking ( 52.5%), the hydraulic problems 
of the corresponding beds decrease with increasing 
degree of crosslinking, the reactivity and selectivity of 
such resins in the synthesis of EPA also decrease to a 
considerable extent. ‘ 

One way of improving the hydraulic quality of 
lightly crosslinked resin beds is to cover some of the 
sulfonic acid groups with cations. Partial covering with 
+NH3—CH2—CH2—SH or similar systems, as de 
scribed for example in DE-A 3 619 450 and US. Pat. 
No. 3,394,089, is particularly advantageous. In addition 
to embrittlement and hence greater rigidity of the ion 
exchanger, a catalytic effect of the groups in the synthe 
sis of EPA is also observed. 
However, the useful life of such systems is shortened 

by a factor of approximately 10 compared with unmodi 
?ed resin systems by deactivation of the cocatalytic unit 
and is therefore uneconomical. The necessary subse 
quent regeneration of the large quantities of Lewatit is 
time-consuming and expensive and has to be replaced 
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2 
by an equally large quantity of fresh ion exchanger to 
maintain the output of EPA. 
A resin bed model optimally combining the advan 

tages of the respective resins has now been found. The 
lower layer of the ion exchanger bed in the reactor 
(volume-wise 75-85%) consists of an unmodi?ed sul 
fonic acid ion exchanger having a low degree of cross 
linking (§2%). The upper layer (volume-wise 15-25%) 
may consist of a) an ion exchanger having a higher 
degree of crosslinking (22%) or b) a resin having a low 
degree of crosslinking (é 2%), in which 1 to 25 mol-% 
of the sulfonic acid groups have been covered with 
species containing alkyl-SH (for example mercapto 
ethyl amines as described in DE-A 3 619 450 or in US. 
Pat. No. 334,940,089) (ionic ?xing). 

Accordingly, the present invention relates to ion 
exchanger beds for increasing the volume/time yield of 
?xed-bed reactors in the production of bisphenol A 
from phenol and acetone in cylindrical ?xed-bed reac 
tors ?lled with gel-form or macroporous sulfonic acid 
ion exchanger resins, characterized in that 

a) the lower layer of the bed consists of a resin having 
a low degree of crosslinking (§2%) and makes up 
75 to 85% by volume of the bed as a whole and 

b) the upper layer of the bed, which makes up 15 to 
25% by volume, consists either of a resin having a 
higher degree of crosslinking (Z2%§4%), in 
which 1 to 25 mol-% of the sulfonic acid groups 
may be covered with species containing alkyl-SH 
units (ionic ?xing) or 

c) of a resin having a low degree of crosslinking 
(§2%), in which 1 to 25 mol-% of the sulfonic acid 
groups are covered with species containing alkyl~ 
SH units (ionic ?xing). 

From the hydraulic point of view, resin beds accord 
ing to the invention behave as if the upper rigid resin 
layer were the sole ?lling of the reactor, i.e. the capac 
ity of the reactor is no longer determined by the hydrau 
lics of the ?lling, but instead by the acetone conversion. 

In addition to its favorable hydraulic properties in the 
synthesis of EPA, the layer type of a) and c) surpris 
ingly shows the excellent reactivity and selectivity be 
havior of a resin bed consisting solely of a lightly cross 
linked ion exchanger type (22%) to the sulfonic acid 
groups of which alkyl-SI-I species have been partly 
ionically ?xed. In the event of deactivation of the up 
permost ion exchanger layer where it consists of the a) 
+0) type, it may be regenerated or disposed of in an 
economically reasonable manner by virtue of its small 
volume. 

In the case of the layer type of a) and b) which, al 
though having excellent hydraulic properties, does not 
show the excellent selectivity and reactivity behavior of 
the layer type of a) and c), performance can be im 
proved to an almost equivalent level by partial covering 
of the sulfonic acid units (l-25 mol-%) of the more 
highly crosslinked, upper resin layer with alkyl-SH 
units (for example mercaptoethylamine, thiazolidine). 
The modi?ed and unmodi?ed ion exchanger resins 

are prepared in known manner (as described, for exam 
ple, in US. Pat. No. 3,394,089 or in DE-A 3 619 450). 
The bisphenol A is produced and worked up continu 
ously using known methods and equipment. 
The ion exchanger beds according to the invention 

for the synthesis of bisphenol A represent an optimum 
in regard to hydraulics, selectivity and reactivity for the 
synthesis of EPA. 
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EXAMPLES 

FIG. 1 illustrates the type, construction and mode of 
operation of the reactor. 
A mixture of phenol, recycled mother liquor (consist 

ing of phenol, bisphenol A and secondary products) and 
acetone is introduced into the reactor from above 
through a pipe (1). The reactor is normally ?lled with 
ion exchanger (5) to between 50 and 80% of its total 
volume. In the lower conical part (6) of the reactor, 
there is a layer of mineral material as carrier for the 
resin bed. The reaction mixture ?ows downwards 
through the ?xed bed. The reaction solution issues from 
the reactor at its lower end and is then worked up. 
The feed volume is normally controlled by a pneu 

matic control valve (2) and a through?ow meter (3) . 
The feed temperature is in the range from 55° to 62° C.; 
the discharge temperature is in the range from 75° to 85° 
C. The reactor is operated under adiabatic conditions. 
Heat losses are avoided by insulation and backup heat 
ing. The pressure loss through the Lewatit bed is mea 
sured in the upper part of the reactor (4). For safety 
reasons, introduction'of the reaction mixture is stopped 
when the pressure loss caused by the Lewatit bed 
reaches 2 bar. 
The composition by weight of the reaction mixture 

introduced into the reactor may vary within the follow 
ing limits: phenol 75-85% by weight, bisphenol A and 
secondary products 12-20% by weight, acetone 2—6% 
by weight. 

Example 1 (Comparison) 
A reactor of the type shown in FIG. 1 with a cross 

sectional area of 25 m2 and a height of the cylindrical 
unit of 5 m is ?lled with 100 m3 phenol-moist unmodi 
?ed resin with a degree of crosslinking of 2%. The 
‘reactor is charged with 17 m3/h reaction mixture (feed 
temperature 60° C.). The following performance data 
were determined: 

Pressure loss in the reactor: 1.7 bar 
Acetone conversion in the reactor: 96.5% 
Selectivity of the reaction: 96% 

The feed rate cannot be increased with this reactor 
bed because a few hundred liters more result in an expo 
nential increase in pressure and hence in activation of 
the safety cutout. 

Example 2 

(Layer type a) 
A reactor according to Example 1 is ?lled with 80 m3 

phenol-moist unmodi?ed ion exchanger with a degree 
of crosslinking of 2% and then with 20 m3 of a phenol 
moist, unmodi?ed resin with a degree of crosslinking of 
4%. 
The following performance data of the resin ‘bed in 

the synthesis of EPA were determined: 

1. Feed rate reacn'on mixture 17 m3/h (60° C.) 
Reactor pressure loss: 0.1 bar 
Acetone conversion: 96.0% 
Selectivity of the reaction: 95.1% 

2. Feed rate reaction mixture 20 m3/h (60° C.) 
Reactor pressure loss: 0.15 bar 
Acetone conversion: 93.0% 

30 

35 

45 

65 

4 
-continued 

Selectivity of the reaction: 94.5% 

Example 3 

(Layer type a) modi?ed) 
A reactor according to Example 1 is ?lled with 80 m3 

phenol-moist unmodi?ed ion exchanger with a degree 
of crosslinking of 2% and then with 20 m3 of a phenol 
moist resin with a degree of crosslinking of 4% in which 
3 mol-% of the sulfonic acid groups have been covered 
with mercaptoethylamine. The following performance 
data of the resin bed in the synthesis of EPA were deter 
mined: 

2o m3/h (60° c.) 
0.15 bar 
96.9% 
97.9% 

Feed rate reaction mixture 
Reactor pressure loss: 
Acetone conversion: 
Selectivity of the reaction: 

Example 4 
(Layer type b) 
A reactor according to Example 1 is ?lled with 80 m3 

phenol-moist unmodi?ed ion exchanger with a degree 
of crosslinking of 2% and then with 20 m3 of a phenol 
moist 2% crosslinked resin in which 15 mol-% of the 
sulfonic acid groups have been covered with mercapto 
ethyl amine. The following performance data of the 
resin bed were determined: 

1. Feed rate reaction mixture 17 m3/h (60° C.) 
Reactor pressure loss: 0.25 bar 
Acetone conversion: 99.9% 
Selectivity of the reaction: 98.5% 

2. Feed rate reaction mixture 23 m3/h (60° C.) 
Reactor pressure loss: 0.6 bar 
Acetone conversion: 97.5% 
Selectivity of the reaction: 98.0% 

We claim: 
1. In an ion exchange bed for producing bisphenol A 

from phenol and acetone in a ?xed bed reactor contain 
ing gel-form or macroporous sulfonic acid ion ex 
changer resins, the improvement comprising providing 
the resin as a two-layer bed wherein: 

the lower layer of the bed comprises an unmodi?ed 
resin having a low degree of crosslinking, less than 
or equal to 2%, and comprises 75 to 85% of the bed 
volume as a whole; and 

the upper layer of the bed, which comprises 15 to 
25% of the bed volume as a whole, comprises ei 
ther 

a resin having a higher degree of crosslinking than 
the lower bed, from equal to or greater than 2% to 
less than or equal to 4%, in which 1 to 25 mol % of 
the sulfonic acid groups are optionally covered 
with species containing alkyl-SH groups by ionic 
?xing, or 

a resin having a low degree of crosslinking, less than 
or equal to 2%, in which 1 to 25 mol % of the 
sulfonic acid groups are covered with species con 
taining alkyl-SH groups by ionic ?xing. 

2. In a process for preparing bisphenol A from phenol 
and acetone in a ?xed bed reactor containing gel-form 
or macroporous sulfonic acid ion exchanger resins in 
the form of a resin bed, the improvement which com 
prises utilizing as the resin bed the two layer bed as 
claimed in claim 1. I 
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